In Asia, including Japan and Korea, rice paddies occupy the largest cultivated area in agricultural land. Rice paddies provide the habitats for many organisms including endemic species, sustaining high biodiversity. Insect natural enemies inhabiting rice paddies have an important function for rice production as agents of 'ecosystem services' because they play a major role in suppressing rice pests. The diversity and abundance of natural enemies can be a good index reflecting the 'healthiness' of agro-ecosystem services in rice paddies. The present study investigates whether insect natural enemies could be good biological indicators for general arthropod biodiversity and agricultural practice. First, the concept of ideal bio-indicators was summarized. The strategy to explore and select such bio-indicators was then proposed. Lastly, field survey was made to evaluate the abundance and biodiversity of natural enemies in Japanese rice paddies where chemical inputs, i.e., insecticide use, were different. The results showed that reduction of chemical inputs led to an increase in species richness or diversity of natural enemies including parasitoids and predators. Then, the data were analyzed to examine suitable indicator species to assess environmental soundness of agricultural practice and biodiversity in rice paddies. The density of several species of natural enemies did respond both to pesticide use and to general arthropod biodiversity. The analyses thus have indicated that natural enemies can be suitable as bio-indicators. Usefulness of indicator species in rice paddies is discussed in the context of ecologically sound agriculture.
2004; Ueno, 2010) . Their importance is particularly highlighted when the resurgence of pests takes place (Pimentel, 1997; Dent, 2000) . Indiscriminate use of agro-chemicals such as insecticides harms natural enemies and causes the loss of biodiversity of such beneficial organisms.
In Japan, being 'ecological' is on strong demand in agriculture nowadays. Sustainable management of rice paddies and the surrounding environment is also an increasing concern in the country. Large-scale use of agro-chemicals cannot be an option of farming practices due to public concern for environment and health issues. However, so called ecologically or environmentally sound farming is mostly desired in terms of the production of safe food for humans with minimum use of agro-chemicals. Its impact on conservation of biodiversity is often neglected or overlooked. Hence, the consequent impact of the so-called eco-friendly farming on organisms is usually unclear.
It is thus expected that use of indicator organisms can provide the public concern to reconsider what is truly 'ecological' and the so-called eco-friendly farming from the viewpoint of biodiversity conservation.
Environmentally sound rice production should now be linked to biodiversity in order to meet recently growing demand that organism communities in rural environments should be conserved as possible though this idea has many conflicting aspects. Because the biodiversity of beneficial natural enemies is a key resource to improve the productivity and sustainability in rice paddies, conservation of natural enemy diversity should be an important approach for sustainable rice production. By focusing the impact on biodiversity, eco-friendly rice paddy farming would meet the demand by consumers (i.e. safe food) as well as the demand from a point of view of sustainable production.
Conserving biodiversity in rice paddies and rural areas may be a formidable challenge. Use of insecticides dramatically reduces the incidence of rice pests and the yield loss, and herbicides allow reducing labor required for weed control (Pimentel, 1997; Dent, 2000) .
While the intensification of rice production systems results in the yield higher and the price of rice lower, it should make rice paddies poor in biodiversity and lessen capability of ecosystem service (Kruess and Tscharntke, 1994; Crowder et al.,2010; Jarvis et al., 2007; 2010) . However, biodiversity conservation through reduction of agrochemical use would decrease labor productivity of rice.
Nevertheless, studies have demonstrated that biodiversity conservation can help sustainable use of rice paddies and can reduce the incidence of pest outbreaks (Kruess and Tscharntke, 1994; Bianchi et al., 2006; Corwder et al., 2010) . Agro-biodiversity performs a number of ecosystem services (Dudely et al., 2005; Jarvis et al., 2007) . For example, natural enemies such as insect parasitoids and predators provide control of pest species in agro-ecosystems (Barbosa, 1998; Hajek, 2004) , and this is also the case in rice paddies (Ueno, 2010; Ueno, 2012) . Importantly, recent studies have demonstrated that the presence of diverse species of natural enemies can enhance the control of pest populations through their complementary function (Kruess and Tscharntke, 1994; Bianchi et al., 2006; Crowder et al., 2010) . Thus, conservation of the community of natural enemies in rice paddies would contribute to sustainable rice production through stable pest control function (Ueno, 2010; Ueno, 2012) .
Biodiversity in rice paddies and the adjacent environment is fairly rich; more than 5000 species are recorded from rice paddy ecosystems in Japan (Kiritani, 2009 ). More than 100 species of arthropods can be recorded even from a paddy field. In addition, there are many species that only specialists for taxonomy can identify to the species level. Thus, indicators that properly reflect biological diversity is needed because the evaluation of biodiversity in its entirety is not be practical (McGeoch, 1998; Buchs, 2003 (McGeoch, 1998; Maleque et al., 2009; Lewandowski et al., 2010) . Arthropods include insects and spiders that are commonly found in rice paddies.
Insects and spiders can be suitable indicators because (1) they are small with a short generation time and (2) they are sensitive to change in local abiotic and biotic conditions (McGeoch, 1998; Maleque et al., 2009; Lewandowski et al., 2010) . These features enable them to respond to an environmental change by quick migration and population increase. Thus, arthropods like insects and spiders are flexible and timely organisms reflecting the current status of 'environment'.
There are several requirements for ideal indicator organisms (McGeoch, 1998; Buchs, 2003) . First, indicator species should reflect both the level of biodiversity and the intensification of farming practices, in order to link between biodiversity and agriculture. Second, indicators should be easily recognized and monitored. Species that are too small and difficult to recognize are clearly not suitable for indicators. Also, species that are difficult to identify to species or group level should be avoided.
Third, indicator species should not be too scarce;
'rare' or endangered species are often highlighted in the study of biological conservation (Ueno, 2010) . It is however not ideal to use such rare species because such species are likely to be detected with very low frequency or even undetected. The incidence of rare species may be a good indication that the rice paddy should be preserved in terms of the species conservation but lack of such species would rather be common Therefore, use of multiple indicator species may be a better approach though there may be no perfect indicators that reflect the richness of all taxon (Lawton et al., 1998) .
It is ideal to select organisms that are clearly beneficial to agricultural production (Ueno, 2010; Ueno, 2012) . Neutral species may be selected as indicators if they reflect both biodiversity and environmental soundness. However, it is politically and practically ideal if the candidates of indicators are beneficial organisms in agriculture because it is much easier to convince farmers why the conservation of indicators is important and why indicators are useful for the farmers. Farmers would benefit from conserving natural enemies that help reducing pest damage (Pimentel, 1997; Barbosa, 1998; Crowder et al., 2010) , which, in tern, allows reducing pesticide use. Also, the incidence and abundance of a species should correlate with richness of specialist natural enemies. The presence of diverse species, regardless of their ecological function (e.g., pests, neutral species, or natural enemies themselves), would increase richness of generalist natural enemies.
Natural enemies are therefore likely to reflect both biodiversity and environment. Accordingly, I have been studying the diversity of natural enemies in rice paddies to explore candidates of indicator organisms from natural enemies inhabiting rice paddies, and to assess whether indicator natural enemies can be use for conservation planning in rice paddies. Although biodiversity refers to all species including plants, animals, insects and microorganisms occurring within an ecosystem, here, I mainly focus on arthropod diversity in the present study because they occupy the vast majority of the number of individuals and species detected in rice paddies at above-ground level (Kiritani, 2009; Ueno, 2010) 
Data Analyses
The data were analyzed with the aid of JMP (SAS, 2008) . In my study, the diversity of natural enemies, i.e., parasitoids and predators, was estimated by Shannon's Index (= Shannon-Wiener Index), which allows the measurement of biodiversity. This index is commonly used because it has an advantage to take into account the number of species and the evenness of the species, both of which are important concept of biodiversity. Itoplectis naranyae is a solitary parasitoid wasp and has a wide biogeographic range in Asia, distributing among Japan, China, Formosa, Korea, Philippines, etc. (Yasumatsu and Watanabe, 1965; Momoi, 1966) . This parasitoid attacks pupae of lepidopteran pests of rice, including the rice leaf folder Cnaphalocrocis medinalis
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Guenée (Townes et al., 1965; Yasumatsu and Watanabe, 1965) ; the percentage of parasitism by I. naranyae occasionally exceeds 50% of pupae of the rice leaf folder in autumn. Itoplectis naranyae therefore is an important natural enemy of the rice leaf folder. However, information is lacking on how common I. naranyae is in rice paddies and how its abundance is affected by pesticide use. Previous records suggest that this parasitoid wasp is widely distributed in rice paddies in Japan and is a fairly common species. In addition, among parasitoids known from rice paddies, I. naranyae is readily recognized because of its size and body color and is easily mass-reared in the laboratory (Ueno and Tanaka, 1994; Ueno, 1999) . Taken together, this parasitoid wasp can be a good candidate of indicator organisms among natural enemies. Hereafter, the analyses were made to evaluate whether I. naranyae could be suitable as an indicator natural enemy.
I. naranyae was detected in 28 out of 40 rice paddies (70.0%). The probability of its incidence was significantly related to pesticide use ( Fig. 2 ; chi-squared test; p=0.032); it was 100% in organic fields while only 33% of paddy fields with 3 times insecticide-applications supported the parasitoid. The abundance of I. naranyae, i.e., the mean number per field, differed significantly among rice paddies differing in insecticide applications ( Fig. 3 ; GLM, p=0.018). Rice leafroller C. medinalis was detected in all 40 rice fields, indicating that this pest widely occurred in the study area.
Rice leafroller C. medinalis is a major pest of rice in many Asian countries (Bautista et al., 1984; Padmavathi et al., 2012) . Although control of C. medinalis with chemicals is not difficult (Endo et al., 1987) , its occurrence was widespread because many farmers try to reduce the number of insecticide applications as possible due to public concern and the cost of the chemicals. Under this situation, it is ideal if the parasitoid complex of C. medinalis can play a significant role in suppressing this pest (Ueno, 1999) .
Farmers may benefit from protecting I. naranyae by reducing insecticide applications. Although reduction of insecticide use increases the density of rice leaf roller, the presence of parasitoids can keep the pest density to the below-economically injurious level (though the overall density of the pest will increase).
The present study has demonstrated that I. naranyae occurs widely and is very common in rice paddies (Fig.   2 ). The density of the parasitoid is related to insecticide inputs ( Fig. 3) , indicating that I. naranyae is sensitive to chemical use. Alternatively, such a relationship may arise because its host is fewer in rice fields with higher inputs of insecticides. In any case, the presence Habitat fragmentation and loss of vegetation area are both important factors leading to a decrease of biodiversity and a reduction of the power of natural control (Bianchi et al., 2006; Kruess and Tscharntke, 1994) .
It is well documented that inappropriate use of insecticides can increase the incidence of outbreak of some pests (Pimentel, 1997; Dent, 2000) . Control of pests by natural enemies is a biological process (Barbosa, 1998; Hajek, 2004) , and such natural bio-logical control depends on maintenance of biodiversity of natural enemies (Kruess and Tscharntke, 1994; Bianchi et al., 2006; Crowder et al., 2010) . The diversity of natural enemies can be lost by improper use of agrochemicals and simplification of agro-landscape, incurring considerable economic and environmental costs (Kruess and Tscharntke, 1994; Pimentel, 1997; Dent, 2000; Bianchi et al., 2006; Crowder et al., 2010) . been growing, the concern about agro-biodiversity seems not to be high enough. Policy to positively use indicator organisms to facilitate environmentally sound rice production would stimulate the public concern and awareness of both environment and biodiversity. Further data should be accumulated to establish scientific basis for evaluating the effectiveness of indicators and making the guidelines of using bio-indicators.
